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1. $\phi^{4}$ on site
$\mathcal{L}=\frac{1}{2}(\dot{\phi}^{2}-\phi^{\prime 2}-m^{2}\phi^{2})-\frac{\lambda}{4!}\phi^{4}$
Lagrangian $\phi=\phi$ ( $x$ , t)
2. $L$
3. ( $k=-\Lambda,$ $\cdots,$ $0,1,$ $\cdots,$ $\Lambda$ )
$N$ $2\Lambda+1(=1,3,5,7, \cdots)$
umklapp $\mathrm{F}\mathrm{P}\mathrm{U}-\beta_{\text{ }}\phi^{4}$





$|\mathrm{n}\rangle$ ( $H_{0}[ \mathrm{n}]=\sum_{k}$ \hslash \mbox{\boldmath $\omega$}fflk<E t)
$L$









SI SI 2 $\mathrm{S}\mathrm{I}(\mathrm{S}\mathrm{I}_{2})$
$[25]_{\text{ }}$
$\mathrm{S}\mathrm{I}_{2}$ Call 4 6 SI
[24] $\mathrm{S}\mathrm{I}_{2}$
(1) $\mathrm{n}$ $A_{0}[\mathrm{n}]$ $a_{i},$ $a_{i}^{\uparrow}$ \iota 4 $\sum_{i\geq 1}A_{i}$
; $H= \sum_{i=0}^{M}A_{i^{\text{ }}}$ $a_{i}$ , $a_{i}^{\uparrow}$ 4 $A_{i}$




$|\Phi\rangle$ $i=0,1,2,$ $\cdots,$ $M$ $\exp(xA_{i}/2)|\Phi\rangle$
$\exp(xA_{0}/2)$ $\mathrm{n}$ $\exp(xA_{0}/2)|\Phi\rangle$
$\exp(xA_{0}/2)|\Phi\rangle=\sum_{\mathrm{n}}|\mathrm{n}\rangle\exp(xA_{0}[\mathrm{n}]/2)\langle \mathrm{n}|\Phi\rangle$ $i=1,2,$ $\cdots,$ $M$
$\exp(xA_{i}/2)|\Phi\rangle$ $A_{i}$
3
$i=1,2,$ $\cdots,$ $M$ $A_{i}$ $A$ $r$ $r=1$
$|\mathrm{n}^{r}\rangle$ $A$
$A|\mathrm{n}^{r}\rangle=c^{+}[\mathrm{n}^{r}]|\mathrm{n}^{r}+\delta \mathrm{n}\rangle+c^{-}[\mathrm{n}^{r}]|\mathrm{n}^{r}-\delta \mathrm{n}\rangle$ (2)
c\pm [nr]& $\mathrm{c}$ $\delta \mathrm{n}$ $A$ $A$
{ $|\mathrm{n}^{\mathrm{r}}-s_{\min}\delta \mathrm{n}\rangle,$ $\cdots,$ $|\mathrm{n}^{\mathrm{r}}-\delta \mathrm{n}\rangle,$ $|\mathrm{n}^{\mathrm{r}}\rangle,$ $|\mathrm{n}^{\mathrm{r}}+\delta \mathrm{n}\rangle,$ $\cdots$ , lnr+sm \mbox{\boldmath $\delta$}n $\rangle$ }
sm $s_{\min}$ $|\mathrm{n}^{r}\pm s\delta \mathrm{n}\rangle$
( $\mathrm{n}^{r}\pm s\delta \mathrm{n}$ ) $|\mathrm{n}\pm s\delta \mathrm{n}\rangle$ $(H_{0}[\mathrm{n}\pm s\delta \mathrm{n}]<E_{cut})$
$s$ Lr\equiv sm $+s_{\dot{\mathrm{m}}\mathrm{n}}+1$
$|\mathrm{n}^{r}(s)\rangle\equiv|\mathrm{n}^{r}-(s-s_{\min}+1)\delta \mathrm{n}\rangle$
$P_{r}$ $P_{r}= \sum_{s=1}^{L_{r}}|\mathrm{n}^{r}(s)\rangle\langle \mathrm{n}^{r}(s)|$ $(1-P_{r})AP_{r}=0$
$L_{r}\cross L_{r}$ $B^{r}$ : $(B^{r})_{s,s’}\equiv\langle \mathrm{n}^{r}(s)|A|\mathrm{n}^{r}(s’)\rangle_{\text{ }}(2)$ $s=1,$ $\cdots,$ $L_{r}-1$
$(B^{r})_{s,s+1}$ $(B^{r})_{s+1,s}$ $B^{r}$
3 $r=1$
$r=2$ $|\mathrm{n}^{r}\rangle$ $(P_{2}, B^{2})$
106
$(P_{r}, B^{r})$
$(r=1,2, \cdots, Nb)$ $N_{b}$ 3
$B^{r}(r=1,2, \cdots, Nb)$ $A|\Phi\rangle$ $= \sum_{r=1}^{N_{b}}\sum_{s=1}^{L_{r}}|\mathrm{n}^{r}(s)\rangle(B^{r}\Phi^{r})_{s}$
$\text{ }$
$\Phi^{r}=\{\langle \mathrm{n}^{r}(s)|\Phi\rangle, s=1, \cdots, L_{r}\}$
$\exp(xA)|\Phi\rangle$ $\exp(xA)|\Phi\rangle=\sum_{r=1}^{N_{b}}\sum_{s=1}^{L_{r}}|\mathrm{n}^{r}(s)\rangle(\exp(B^{r})\Phi^{r})_{s}$
$r$ $\exp(B^{r})\Phi^{r}(r=1, \cdots, N_{b})$
:(0) $B^{r}(r=1, \cdots, N_{b})$
$D_{r}$ $r=1,$ $\cdots,$ $Nb$ $\exp(B^{r})\Phi^{r}$
: (1) $B^{r}$ $S^{r}$ (2) $D_{r}$ $B^{r}$ $\Phi^{r}:=S_{r}\Phi^{r_{\text{ }}}\Phi^{r}:=\exp(xD_{r})\Phi^{r_{\text{ }}}$
$\Phi^{r}:=S_{r}^{T}\Phi^{r}$ $B^{r}$ 3 (1) $S^{r}$ $\sim L_{r}^{2}$




$A_{i}$ $L_{b}$ $N_{i}(L_{b})$ $\mathrm{S}\mathrm{I}_{2}(x)|\Phi\rangle$
$\sim\sum_{i=1}^{M}\sum_{L_{b}=2}L_{b}^{2}N_{i}(L_{b})\equiv\sum_{L_{b}=2}L_{b}^{2}N(L_{b})$ . $N(L_{b})= \sum_{i=1}^{M}N_{i}(L_{b})$
1 $N(.Lb)$ $L_{b}$
1: $N(L_{b})$ $L_{b}$
( ) $L_{b}$ $\langle L_{b}\rangle$
$(L/\langle Lb\rangle)\cross\langle L_{b}\rangle^{2}$ $\mathrm{n}^{r}$ $\delta \mathrm{n}$
( ) $\langle L_{b}\rangle\sim L^{1/D}$ ( $D$ )





( $1$ ) $=$ $\cross$ ( 2)
1 ( \leftrightarrow
$\sum N’(Lb)\cross Lb$ $L_{b}$ $N’(Lb)$
$L$ ( $L$ )





E $t$ $\mathrm{n}$ $dt$ $|\Phi_{T},$ $\mathrm{S}\mathrm{I}_{n}(dt)\rangle=|\Phi_{T},$ $\mathrm{E}\mathrm{x}\mathrm{a}\mathrm{c}\mathrm{t}\rangle+O[dt^{n}]$
$|\Phi_{T}$ , Exact) 2, 4, 6 SI
$\mathrm{n}$








|\Phi t=0 $\rangle$ =|n $\rangle$ $\rho_{t=0}^{cl}(\mathrm{I}, \phi)$ (I $\phi$ )
$\rho_{t=0}^{cl}(\mathrm{I}, \phi)=C\cross_{\mathrm{n}}(\mathrm{I})$ $\Theta_{\mathrm{n}}(\mathrm{I})$ I $(\mathrm{I}_{\mathrm{n}}=\hslash(\mathrm{n}+\hslash/2))$
$\mathrm{I}_{\mathrm{n}}$ -7t/2<I<I $+\hslash/2$ 1 0
$\iota C$ $\int\rho_{t=0}^{cl}(\mathrm{I}, \phi)d\mathrm{I}d\phi=1$
$P^{cl}(t)= \int d\mathrm{I}d\phi\Theta_{\mathrm{n}}(\mathrm{I}, \phi)\cross e^{-i\mathcal{L}_{H}}{}^{t}P_{t=0}^{cl}$ $\mathcal{L}_{H}$ $i\mathcal{L}_{H}$ $P^{cl}=\{H, P^{cl}\}_{P.B}$ .
$\mathrm{n}$ $P^{d}(t)$ 2
2: 7 $P^{cl}$ $\lambda=1,2,4$ $P^{cl}$ $\lambda$
3, 5 $P^{cl}$
3 $P(t)$ $\lambda$ ( 3)
$\fbox\mu\backslash \backslash 3:3$ $P(t)$ $\lambda=1,2,4$




5 $P(t)$ 4 $\lambda$
$\lambda$
1 $[5, 7]$ .
[12]
([12] ) $\text{ }$









$W(=W_{k_{1},k_{2},k_{3},k_{4}}^{(i)})$ $i_{\text{ }}(k_{1}, k_{2}, k_{3}, k_{4})$
110
$\overline{\overline{W}(t)}=W$ $\overline{(\overline{W}(t)-W)(\overline{W}(t’)-W}$ ) $=\delta W^{2}\cross\delta(t-t’)$ $\overline{W}(=$
$\overline{W}_{k_{1},k_{2},k_{3},k_{4}}^{(i)}(t))$ $\delta W/W\simeq$ %




( $4_{\text{ }}$ 5)




$[26]_{\text{ }}$ SI SI
$\lambda$
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